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Abstract
Mach wave radiation from supersonic jets is revisited to better quantify the extent to which linearized equations represent the details of the actual mechanism.
To this end, we solve the linearized Navier-Stokes equations (LNS) with precisely the same mean flow and inflow disturbances as a previous direct numerical simulation (DNS) of a perfectly expanded turbulent M = 1.92 jet. I We restrict our attention to the first two azimuthal modes, n = 0 and n = l, which constitute most of the acoustic field. The direction of peak radiation and the peak Strouhal number matches the DNS reasonably well, which is in accord with previous experimental justification of the linear theory. However, it is found that the sound pressure level predicted by LNS is significantly lower than that from DNS. In order to investigate the discrepancy, individual frequency components of the solution are examined. These confirm that near the peak Strouhal number, particularly for the first helical mode n = 1, the amplification of disturbances in the the DNS data. This is expected since free shear layers that are known to be sensitive to initial conditions, and a long distance is required for the large scales to be completely decorrelated.
In the LNS calculations, any correlation of the incident turbulent persists indefinitely. We note that while our results are affected by this correlation, the conclusions remain valid since we are comparing the relative evolution of two flows with identical inflow disturbances.
The flow parameters in the LNS calculations were set as in the DNS calculation, Note that these amplitude comparisons are performed outside the jet, but only at r = 12R.
Shocks in the sound field t will increase dissipation of the noise so one might expect a somewhat better agreement at a larger distance from the jet, but the 8 dB difference at r = 12 points to 
Instantaneous Fields
Instantaneous pressure fields of the DNS and LNS data for n = 0 and 1 are shown in Fig. 4 . For both n = 0 and n = 1 the two solutions agree close to the inflow boundary. This region extends further downstream for n = 1 than it does for n = 0 (as described in the next section), which is consistent with the better match in amplitude discussed in the previous section.
As expected, further downstream we see small scales in the DNS data that are absent in the LNS data.
It seems that the highest amplitude
Mach wave radiation for n = 0 of the LNS data originates from an area close to the inflow boundary (close to tile nozzle exit) while for n = 1 it radiates primarily from a region around x _ 7R and extends beyond the end of the potential core. While this difference in source position is not so significant for far-field directivity, it has a substantial impact on directivity at r = 12R, as seen in Fig. 3 , where the SPL of the zero azimuthal mode of the LNS data at r = 12R peaks earlier that that of mode one.
Thus LNS computations provide a picture consistent with linear stability theory.
On the other hand, the DNS appears to have significant contributions from both the shear layer region, and from a region near the end of the potential core.
Amplification of individual frequency components
The For all frequencies, but (,specially near the peak Strouhal number, the agreement between DNS and LNS is better for T_ = 1 than it is for n = 0. In DNS, both modes n = 0 and n = 1 undergo similar amplification. In our simulations the azimuthal mode n = 0, unlike mode n = 1, does not have an extended region of amplification (see Figs. 5 and 6) . The wave number spectrum of an instability wave at fixed frequency whose amplitude undergoes spatial growth and decay is broadband and not discrete, which might include supersonic phase velocities and consequently acoustic radiation. The more extended this region of amplification and decay the most likely to have a traveling wave with a significant supersonic phase velocity.
To this end the azimuthal mode n = 1 of the present jet is more likely to have significant linear noise sources, as it is evident in Fig. 6 . The azimuthal mode n = 0, on the other hand, does not show an extended amplification region at the present jet Reynolds number and shear layer thickness.
Consequently, the sound field in this case is dominated by the noise sources that are not present in the linear theory and LNS (see Fig. 5 ). 
where A'-t"is the average sampling interval. The average Nyquist frequency for the available DNS 
